Abstract
bacteria in the absence of antibiotics. In addition, bacteria utilize carbon compounds 115 as an important energy source. Thus, we hypothesized that the availability of a carbon 116 source would determine the fitness cost of antibiotic resistance conferred by 117 overexpression of efflux pump in low-nutrient environments such as drinking or 118 source water.
119
In this study, the effect of the environmental availability of nutrients on the 120 fitness cost of bacterial antibiotic resistance conferred by overexpression of efflux 121 pumps was investigated. The important opportunistic pathogen P. aeruginosa and its
122
MexCD-OprJ efflux pump were the focus of this study. We aimed to identify whether 
Materials and methods

127
Strains and growth conditions 128
Bacterial strains used in this study are described in Table 1 The relative expressions of MexD and rpoS gene were estimated by RT-qPCR.
237
Additionally, the 2 △ △ -ct method was used to calculated the qPCR data as follows:
239
ΔΔC T = ΔC T(Treated) -ΔC T(Control)
240
Fold change = 2 The wild-type strain followed different growth curves than the 261 ciprofloxacin-resistant strains (Fig. S1 ). As shown in Fig. S1 , the wild-type strain the medium because the carbon source provided energy for microbial metabolism.
268
In contrast, the concentrations of the ciprofloxacin-resistant strains showed a 269 downward trend under high-nutrient conditions (Fig. 1) . The cell density reached 10 6 -270 10 7 CFU/ml 24 h after inoculation in the medium containing 50 mg/l TOC, but it 271 decreased rapidly to 10 5 CFU/ml (cip_1), 10 1 CFU/ml (cip_3), and 10 5 CFU/ml 272 (cip_4). Similarly, the cell density decreased from 10 6 CFU/ml to 10 2 CFU/ml (cip_1), mg/l TOC (Fig. 1) .
275
However, growth of the resistant mutants was more stable under low-nutrient 276 conditions. For instance, cell concentrations were maintained at 10 5 -10 6 CFU/ml in 277 the presence of 0.5 mg/l TOC (cip_1 and cip_4). Similarly, the density of resistant only minimally, from 10 7 CFU/ml to 10 6 CFU/ml, in high-nutrient concentrations
285
(500, 50, and 5 mg/l TOC). These results revealed that nutrient levels affected the 286 growth of ciprofloxacin resistance mutant cells.
288
Ratio of cell numbers and fitness costs for the two competing strains
289
The ratios of two competing strains (u) decreased under high-nutrient conditions 290 (Fig. 2) . Using cip_2 as an example (Fig. 2b) , the value of u decreased to −2 in the 
301
In addition, the relative fitness (fit t ) of the bacteria was also calculated ( Table 1 Bacterial strains used in this study. 
